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Literature search 

For the absolute risk of TB disease following immune-suppression, we extracted data the 

primary articles cited in systematic reviews of TB and anti-TNF, and TB and solid organ 

transplant.  For the absolute risk of TB disease in people living with HIV/AIDS, we reviewed the 

primary data from articles in the N. Menzies 2018 systematic review of TB1.  For the absolute  

risk of TB following hematopoietic stem cell transplant, we searched for “tuberculosis” and 

“HSCT” and “humans” in PubMed and reviewed the references of a 2019 paper on the subject2, 

to ensure that we had not overlooked other primary clinical data.  For each of these, we estimated 

the percent of individuals with TST-positivity who did not progress to active TB, based on TST 

data provided in the primary article. Where the authors did not specify whether TB patients had 

previously had a positive TST, we made the conservative assumption that all TB cases came 

from the TST-positive subset.  Where TST data was not provided, we estimated the percent of 

individuals likely to be TST-positive based on studies performed in the same countries.  For each 

study, the percent TST-positive that remained TB free after immune-suppression was estimated 

from the numbers detailed below and the 95% CIs were generated used the adjusted Wald 

calculation3.  For those individuals who did develop active TB, the time course of incident TB 

cases was used to graphically represent the cumulative risk of disease. Supplemental table 1 

summarizes all of these studies. We also determined if BCG vaccination in persons without TB 

infection could have biased our estimates of TB immunoreactivity prevalence by determining 

national BCG vaccination policies and the methods used to determine TB immunoreactivity and 

summarized this in Supplemental table 2. 

Absolute Risk of TB Disease – Calculations 

1) TNFα inhibition 

Effect of TNFα inhibition (TI) on tuberculosis in recipients using studies performed in the era 

before universal screening for TB infection and INH prophylaxis of infected persons. 

USA- Keane4 

The increased risk of TI for TB became apparent in 2001. This retrospective review of such 

cases, all treated with infliximab, reported 70 cases occurring a median of 12 weeks after the 

initiation of infliximab, for arthritis or Crohn’s disease. Cases originated in the US, Spain, 

France, Italy and other European countries, all with low TB incidence rates. The estimated 

annual incidence rate in US infliximab recipients was 24.4/100,000, above the background rate 

of 6.2 for the underlying illnesses or the other immunosuppressive drugs given the patients. To 

calculate the relative risk for TST positive persons receiving infliximab, we used an estimated 

TST-positivity of 4.2%, based on a 1998-2000 survey5. Using a higher TST prevalence, a higher 

proportion of infliximab treated patients would remain tuberculosis free. 

 

24.4/(100,000*0.042) = 24.4/4200, or 0.0058; or 0.58% of those likely to be TST positive 

developed active TB.  Thus, 99.42% did not develop TB.  Keane reported that 17 US persons 

had TB. 17/X=0.0058, so X= 2931, providing an estimate of 2931 TST positives in that 
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population. The 95% CI of 17/2931 = 0.0036 to 0.0093.  The 95% CI of likely TST positive who 

remained free of TB is therefore 99.1 to 99.6% and is plotted in Figure 3. 

 

Spain – Gomez-Reino6 

Of 1578 patients taking infliximab, 17 developed TB. Another report on that cohort7 stated that 

22% were TST-positive. 22% of 1578 = 347. 17/347 = 0.049 developed TB.  Conversely, 95.1% 

did not develop TB. 95% CI = 97.0 to 92.2%.  

 

France - Baldin8 

This retrospective French study examined French cases in patients receiving infliximab for the 

period 2000-2003.  100% of participants were taking infliximab. They reported an annual rate of 

230/100,000 for cases in 2000, 140/100,000 in 2001 and 80/100,000 in 2002.  Because it is 

unclear whether screening and treatment contributed to the drop in rates over time, we used the 

largest figure. The TST+ prevalence rate of 22% came from another study9 of TI-candidates with 

chronic inflammatory arthritis comparing TST vs Tspot, where the TST rate was 35% and Tspot 

22%.  We used the lower number (22%) for calculations, recognizing that the higher figure 

would give a lower absolute rate of TB among TB reactive patients. 

 

230/100,000(.22) = 230/22,000, or 0.0104, 1.04%. 99% likely TST positives remained TB free. 

Using the same method used for Keane, there were 12 patients with TB in 2000. 12/x=0.0104, 

X=1154. For 12 cases in 1154 individuals, the 95% CI is 0.0057 to 0.0183; conversely, the 95% 

CI for remaining TB free was 98.2 to 99.4%. 

 

USA - Wolfe10 

This American study of a large cohort of patients with inflammatory arthritis taking infliximab in 

the period 2000-2002, using as a control similar patients not taking TNF-inhibitors (TI) in 1998-

1999. 100% of participants were taking infliximab. This found the annual rate to be 54.5/100,000 

in the TI phase and 6.2 pre-TI. The TST+ prevalence was given in this study as 9.2%. For this 

study, there were 6460 patients taking infliximab at a time when no INH prophylaxis was 

administered. They were followed for two years. 4/6460 (0.06%) of these developed TB; all 

were elderly women and of these two had known prior +TST and one had a possible history of 

prior TB (not further defined). 9.2% of the 1998-1999 study group of arthritis patients (pre-

infliximab) were TST+. Assuming that all patients who developed TB came from the TST+ 

population (9.2% of 6460, or 594), 4/594 was the TB disease fraction, or 0.67%. 95% CI of 

4/594 is 0.2 to 1.8%. Thus 99.33% of the TST+ population did not develop TB over a two-year 

period of infliximab (95% CI: 98.2 to 99.8%). 

 

2) HIV 

San Francisco, USA11  

40 HIV+ TST+ homeless individuals. 6 developed TB. By RFLP, 5/6 were in clusters and 

assigned by the authors to recent infection. Using the data without respect to RFLP, 34/40 = 

85%, 70.4 to 93.2%. An adjusted analysis excluded the 5 who developed TB as part of an RFLP-
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defined cluster. Of the remaining 35 individuals, 1 developed TB.  Therefore, 34/35 TST+ HIV+ 

homeless individuals remained TB-free (97.1%, 95% CI: 83.9 to 100), over 5 years. INH 

prophylaxis was incomplete - none completed even a five month course. No adjustment was 

made for IPT. 

Florida, USA12  

Using RFLP as the genotyping method, 27 non-clustered cases of TB were identified.  15 were in 

HIV-negative individuals.  The 12 non-clustered TB cases came from 106 TST+ HIV+ patients 

who developed TB and who had not received INH preventive therapy. Most were moderately 

immunosuppressed (CD4 ~200). The TST+ prevalence for the HIV-positive population was 25% 

(all from Table 1). TB-free percent was 94/106 = 88.7 (95% CI: 81 to 93.5).  

3) Solid organ transplantation 

 

Turkey - kidney transplant recipients13 

 

Atasever et al  report on renal transplant recipients in Turkey. 443 transplants were studied, of 

whom 20 developed TB post-transplant. One of the 20 had TB 18 years earlier and four had 

CXR findings c/w old TB. Based on several studies, the TST+ prevalence in Turkey is around 40 

to 70%; we used the 40% figure as it has been described in IGRA surveys14 and is likely is a 

better approximation for this BCG-vaccinated population. 40% of 443 is 177. 20/177 is the 

fraction of likely TST+ patients with TB, or 11.3%. 89% of these transplant patients who were 

likely TST+ did not develop TB. 95% CI is 83 to 92.6 

 

USA -  kidney transplant recipients15 

 

1998-2000 study of US Medicare recipients having a renal transplant. 66 of 15,870 developed 

TB, or 0.42%. The US TST prevalence in 1999-2000 was estimated to be 4.2%5. 4.2% of 15,870 

is 666. 66/666 = 9.90%. 100-9.9 = 90.1% were TB free. 95% CI 87.6 to 92.1 

 

Spain - solid organ transplant recipients16 

 

From September 2003 to June 2006, 4388 solid organ transplants were done. 

Organ TB/total TB% TST + all 

patients (N) 

%TST+ 

received INH 

heart 1/404 0.25 15.0 75 

kidney 7/2052 0.34 13.6 52.9 

liver 8/1507 0.53 23.3 29.6 

kidney-

pancreas 

1/122 0.82 23.5 50 

lung 4/303 1.32 27.3 46.8 

total 21/4388 0.48 19.0 43.5 
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Assuming that all who received INH prophylaxis were not at risk, 56.5% remained at risk. 19% 

of 4388 = 834 TST+. 56.5% of 834 = 471 (TST+ not receiving INH). 21/471 = 4.5% of likely 

TST positive not receiving INH prophylaxis. Note that 3 of the 21 who developed TB were TST 

negative, so the denominator of those at risk is likely higher and therefore a higher percentage 

remained TB free.  However, assuming that all who developed TB were from the TST positive 

group not receiving INH, 95.5% remained TB free (95%: CI:  95% CI 93.2 to 97.1) 

 

4) HSCT 

 

Taiwan Fan 201517,  

 

Stem cell transplants Taiwan. The total number of TB cases in 2040 recipients was 39, or 1.91%. 

Observation period 10 years. Using a study of controls from a study of Taiwanese with lung 

cancer 18, the IGRA+ rate in Taiwan was 23.8% (rounded to 24%). The TST+ population size is 

then estimated at 0.24 x 2040, or 490 patients. 39/490 = 8.0%. TB free is 92.0%, 95% CI = 89.3 

to 94.2% 

 

USA - Cheng 20192, 

 

0 of 29 TST + HSCT patients developed TB over a five year period. Data are given as person 

years, but based on this it seems that observation was around 5 years or longer. 95% CI of 29/29 

= 86.1 to 100.  

South Korea - Lee 201719 

16 of 550 HSCT patients overall developed TB during a time when TST/IGRA were 

not being used to screen HSCT candidates. The IGRA positivity rate at the same 

hospital for HSCT candidates a few years later was 28.1% (mid-2009 to 2011 vs. 

2004-early 2009 when no IGRA tests done). 28% of 550 = 155 with TST+. 16/155 = 

10.3% (95% CI 6.4 to 16.2). TB calculated as 89.7% (95% CI: 83.8 to 93.6%). 

India - Agrawal,201820 

No TST/IGRA done and no IPT administered. 5 of 175 transplants developed TB 

(2.9%). Paper says TBI prevalence is 40% in India. 40% of 175 = 70. 5/70 = 7.1% 

(2.8 to 16.1%). TB free is 92.8% (83.9 to 97.2% 95% CI) 
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